Background: The Taiwanese government considers fluoride varnish to be a major component of preventive dental cares for preschool children. This study aimed to explore the extent of utilization of fluoride varnish and its determining factors among Taiwanese preschool children. Results: The percentage of Taiwanese preschool children that used fluoride varnish was 34.85%.The probability that fluoride varnish would be utilized was higher among children with catastrophic illness/injury or relevant chronic illnesses than those without. In addition, the probability of children with disabilities using fluoride varnish was lower than that of nondisabled children. Finally, parent sex, parent age, urbanization level of residence, and parents' premium-based salary significantly affected the children's utilization probability of fluoride varnish. Conclusion: In order to increase the utilization of fluoride varnish among preschool children in Taiwan in the future, target groups consisting of females, children < 3 years of age, and disabled children should be prioritized. Parental factors are also important in affecting the utilization of fluoride varnish in children.
Introduction
Tooth decay is the most common chronic childhood disease, which can be easily prevented when preventive dental care is provided in a timely manner. 1 Early prevention planning for children leads to significant improvement in oral health, increasing the number of caries-free children from 8% to 32%. 2 The publication Oral Health Healthy People 2010 clearly identified preventing childhood oral diseases as a policy goal in the future. 3 Therefore, improving oral health has become an important objective in the field of preventive health policies for preschool children. 4, 5 Preventive dental care is not only a cornerstone of oral health, but also is an essential element of dental care of children. 6 Fluoride varnish has been shown to be very effective in reducing the rate of tooth decay in preschool children among the available preventative dental care. 7, 8 Chen and Lin 9 found that applying fluoride varnish to the teeth of preschool Conflicts of interest: The authors declare that they have no conflicts of interest related to the subject matter or materials discussed in this article.
children was associated with a slower rate of growth in the total number of dental visits, treatment for caries, and lower dental care expenditures. Weintraub et al 8 also concluded that the percentage of children with dental caries decreased linearly as the number of patients given fluoride varnish applications increased. Therefore, fluoride varnish has been widely accepted by dental experts as an important component of preventive dental healthcare in preschool children.
Since July 2004, the Taiwanese government has considered fluoride varnish services to be a major component of preventive dental care for preschool children. To this end, the government provides free biannual dental examinations and fluoride varnish for children younger than 5 years. Lewis et al 6 reported that, in 1996, up to 38% of children in the United States had accessed preventive dental care within the past year. However, since its implementation in Taiwan, the majority of children have not utilized fluoride varnish. 10 In addition, there are great disparities between the access of preventive dental care by children. 11 Weng et al 10 found that there is a disparity in the access of preventive dental care between children with and without disabilities, and that children with a greater severity of disability are less likely to utilize preventive dental care. In order to effectively reduce disparities in oral health and to improve the utilization of preventive dental care among preschool children, it is necessary to conduct a large-scale evaluation of utilization rates, as well as to investigate the disparity in usage among disabled children. This study involved the use of Taiwanese preschool children as the individuals for an investigation. We intended to provide a reference for global public health experts to improve the usage of preventive dental care among preschool children.
Methods

Data source and processing
Children younger than 5 years were eligible for the biannual dental examination with fluoride varnish in Taiwan. Using preschool children under the age of 5 years as our participants, this study was conducted based on the database of the Ministry of the Interior, Executive Yuan, R.O.C. 2008, coupled with information gathered between 2006 and 2008 on preventive healthcare and health insurance from the Bureau of Health Promotion and the National Health Research Institute, respectively. The relevant variables include: (1) demographic characteristics: gender and age; (2) health status: catastrophic illness/injury and relevant chronic illnesses (including 15 types of chronic illnesses); (3) disability status: type of disability and severity of disability; (4) utilization of children's preventive health services; and (5) fluoride varnish status: any usage of fluoride varnish, frequency of usage. As parents are pivotal in influencing their children's healthcare utilization, variables pertaining to the parents were also acquired. This includes gender, age, urbanization level of residence, premium-based monthly salary, and low-income household status.
Participants
According to the "Disability Rights Protection Acts" of Taiwan, disability can be classified into 18 categories (Table  1) . Three categories of disability are deemed less suitable or too small in sample size and thus are excluded from this study: persistent vegetative state (18 individuals), dementia (1 individual), and chronic mental illness (4 individuals), all of whom have not utilized fluoride varnish. Severity of disability is classified into four groups: very severe, severe, moderate, and mild. A total of 949,023 preschool children (< 5 years old) were identified to meet the requirement for fluoride varnish services. There were 941,419 children without disabilities and 7604 children with disabilities.
Ethical approval
In this study, all personal identification information was deleted, and personal privacy was protected during use of the data. This study was approved by the Research Ethics Committee of China Medical University and Hospital, Taichung, Taiwan (Institute Review Board Number: CMU-REC-101-012).
Statistical analysis
All data were analyzed with the SAS version 8.2 (SAS Institute, Cary, NC, USA). This study first involves a descriptive analysis and c 2 test of all research variables. Logistic regression analysis was used to examine influencing factors on the usage of fluoride varnish among Taiwanese preschool children.
Results
The percentage of Taiwanese preschool children that used fluoride varnish was 34.85% in 2008, with usage rates slightly higher among males than females. The rate of utilization of fluoride varnish was higher in children aged 4e5 years (43.33%) compared to other age groups, and this rate decreased with decreasing age. The rate of utilization was also higher among those with catastrophic illness/injury (36.84%) than those without. Among the relevant chronic illnesses, the rate of usage was the highest among those suffering from diseases of the respiratory system (48.73%) followed by diseases of the ear and mastoid process and cancer. The utilization rates in nondisabled children were considerably higher than in children with disabilities. Among children with disabilities, those with facial injuries had the highest rates of usage; however this rate was only 17.31%. Children with visual impairments had the lowest rates of usage at 5.74%. Moreover, a direct relationship is seen between the increase of severity and the decrease in usage. Among the parents of these children, the children of females showed a greater usage compared to their male counterparts. The use of fluoride varnish was higher in children whose parents were aged 31e40 years compared to other age groups. The rate of utilization was the highest for individuals living in a residence of urbanization Level 5 (35.35%), followed by Level 2. Those with premium-based monthly salary of New Taiwan (NT)$60,800e72,800 showed the greatest utilization (38.32%). The percentage of utilization among children from low-income households was only 6.76% (Table 1) . Table 2 shows that among children without disabilities, those between the ages of 4 years and 5 years had the highest percentage of twice utilizing fluoride varnish, whereas only 1.10% of disabled children of the same age group achieved this result. Additionally, among children without disability, those children aged 4e5 years who had ever used fluoride varnish had done so an average of 1.23 times, which is more frequent than other age groups. Conversely, among children with disability, those between 3 years and 4 years of age had the highest average usage (Table 3) .
Logistic regression results showed that the probability of using fluoride varnish among males is 1.06 times more likely than that of females [95% confidence interval (CI) ¼ 1.05e1.07). Younger children had a lower probability of using fluoride varnish. The probability of utilization by children who suffered from catastrophic illness/injury was 1.19 times more than that for children without such illness/ injury (95% CI ¼ 1.13e1.25). The probability was higher in children suffering from relevant chronic illnesses (excluding cancer) compared to those without. Children suffering from diseases of the respiratory system had the highest probability of utilization [Odds Ratio (OR) ¼ 1.49, 95% CI ¼ 1.47e1.51], followed by those suffering from mental disorders (OR ¼ 1.31, 95% CI ¼ 1.27e1.35). The probability of children with disabilities using fluoride varnish was lower than that of nondisabled children, such as those with visual impairments having low probability of usage (OR ¼ 0.08, 95% CI ¼ 0.04e0.17). In addition, the greater the severity of disability, the lower the probability of utilization. The probability of fluoride varnish utilization of children of male parents was 0.91 times more than that of female parents (95% CI ¼ 0.90e0.92). We also found usage probability decreased as the parents' age increased. Children residing in urbanization areas Level 2 and Level 5 used fluoride varnish 1.13 times more than those residing in areas Level 1 (95% CI ¼ 1.11e1.14; 1.11e1.15). Parents with a premium-based monthly salary of NT$60,800e72,800 had the highest usage probability, with up to 1.69 fold of those with a monthly salary of NT$ < 15,840 (95% CI ¼ 1.64e1.73; Table 3 ).
Discussion
Fluoride varnish is the main component of the national preventive dental care program for children in Taiwan. This study found that only 35.06% of preschool children had used fluoride varnish in Taiwan in 2008. Through the continuous promotion, the fluoride varnish usage rate in 2015 should be increased.
We found that the utilization probability of fluoride varnish was significantly higher in males compared to females. There are gender differences in using preventive dental care among children in both Taiwan and the United States.
12,13 Additionally, Levy et al 14 and Slayton et al 15 highlighted that younger children exhibit relatively lower fluoride applications. Our study found that the percentage and probability of fluoride varnish utilization among children in the lower age groups was significantly lower than those children older than 4 years (43.33%). Lewis et al 6 found that in the United States, 48.0% of children younger than 5 years received preventive dental care in the past year. It is evident that the utilization of preventive dental cares of Taiwanese preschool children is similar to that of the United States across all age groups. Also, we found that children who had suffered catastrophic illness/ injury or relevant chronic illnesses were more likely to use fluoride varnish compared to those without catastrophic illness/injury or relevant chronic illness. Children with catastrophic illness/injury or those who suffer from relevant chronic illnesses often have higher healthcare requirements and are more reliant on their parents. It is apparent that in Taiwan, parents with children who have these conditions not only have higher demands regarding their children's medical care, but also view preventive dental care with the utmost of importance.
Treatment and prevention of oral diseases in disabled children, who often have worse oral health status, is more challenging than in nondisabled children. 16 Our results show that the probability and frequency of utilization of fluoride varnish are significantly lower compared to nondisabled children. We also found that there is a significant difference in the use of fluoride varnish among children with different types of disabilities. Also, the severity of disability is an important factor in accessing fluoride varnish. This trend of lower access to fluoride varnish observed with an increasing severity of disability has also been reported by Diab and Johnston 17 and Weng et al. 10 Children with a greater severity of disability generally have poorer health, requiring more extensive and long-term medical care, which is primarily aimed at preserving or restoring function. Since the application of preventative fluoride varnish is not truly "urgent", there would not be any immediate demand on the parents. Besides that, children with a greater severity of disability have an increased difficulty accessing preventive care as well as a reduced desire to use fluoride varnish. 10 In order to encourage dentists in Taiwan to spend more time on the dental care of the severely disabled, the Dental Global Budget System provides more payments for dental treatment of "severely" and "very severely" disabled children in order to encourage the provision of oral care for disabled children. 18 Similar incentives should be adopted for preventive dental care to increase the usage rates of fluoride varnish among disabled children.
In terms of parent characteristics, mothers are the main caregivers for children in Taiwan. We found that the probability of fluoride varnish utilization of children of female parents was significantly higher than that of male parents. Also, the children of parents older than 41 years had the lowest usage of fluoride varnish. If health policy managers want to increase the utilization of fluoride varnish in children, effective promotions and improvement methods should be developed targeting male parents or parents aged 41 years and older. Chi et al 13 have reported that children in the United States who live in rural counties were significantly less likely to have had preventive dental care than those living in metropolitan areas. This could be attributed to the children living in urban or rural counties having lower access to dentists. The frequency of fluoride varnish use among Taiwanese children living in lower urbanization levels of residence is not necessarily lower. This phenomenon is probably related to the implementation of Taiwan's National Health Insurance, which has provided convenience in accessing medical care, as well as reducing their financial barriers to medical care. In addition, Taiwanese dentists usually go to rural areas to provide mobile medical services. This would also lead to an increased convenience in accessing preventive dental care.
The percentage and probability of fluoride varnish usage increases as the premium-based monthly salary increases. There are disparities in the usage of preventive dental care among children due to different socioeconomic status, with children from lower-income families having lower access to oral healthcare. 12, 19 Lewis et al 6 also found that, in the United States, children from lower-income families had a lower probability of using preventive dental care. If a family has good financial and socioeconomic status, preventive healthcare for children is more likely to be valued and children's health boosted. Aside from the access difficulty associated with time and ability, if the primary caregivers have a good understanding of what is required, it will have a positive impact on children's health promotion. 20 As lower socioeconomic groups often have relatively lower education, parents' knowledge and concept of preventive healthcare may not be as advanced. The usage of fluoride varnish among children is deeply influenced by parental factors. Therefore, health policy managers should establish effective supportive systems targeting parents. Finally, although Chi et al 13 found that children from low-income families have a higher probability of using preventive dental care, as fluoride varnish is part of free preventive dental care for Taiwanese preschool children, there is no financial barrier to its access. This leads to low-income households not influencing the use of fluoride varnish among children.
The preventive care policy of Taiwanese children using fluoride varnish still requires aggressive promotion. If we intend to increase the utilization of fluoride varnish among preschool children in the future, target groups consisting of females, those children younger than 3 years, and disabled children should be prioritized. Although disabled children have higher needs for preventive dental care, the probability of using fluoride varnish is significantly lower regardless of the type of disability. In addition, the greater the severity of disability, the lower the probability of usage. As children with different severities of disability consume varying time, manpower, and costs during fluoride varnish applications, we suggest that National Health Insurance should pay for fluoride varnish according to the different severities of disability to increase the dentists' intentions to serve disabled children. In addition, hospitals or dental clinics should strengthen barrierfree facilities and actively provide parents with a convenient service to reduce the parents' time and transportation burden. Male parents and those aged 41 years and above should be considered as important promotion targets. Health policy authorities should particularly focus on families with low socioeconomic status to strengthen their knowledge of fluoride varnish and establish a good understanding of preventive dental care. In addition, health policy authorities should also adopt relevant encouragement methods in rural areas. Besides encouraging dentists to set up dental clinics, dental associations should also be encouraged to coordinate dentists to visit rural or countryside areas to provide regular dental care and fluoride varnish services. Finally, health policy authorities also could encourage the collaboration between dentists and pediatricians. Pediatricians could give parents preventive dental care education, advocate the importance of fluoride varnish, regularly follow children's oral health status, and actively inform them about using fluoride varnish services.
